Developing a networked public display system by Memarovic, Nemanja et al.
Networked public displays have been envisioned as a new communication medium for the 21st century,1 
one that has a high potential for affecting place-based communities.2 Previous work shows that engaging stakeholders 
and ensuring their acceptance of 
the system is a key factor for successful long-term deploy-ment. Without their involve-ment, the system can be seen as 
intrusive and controversial, thus making it vulnerable to sabotage.3
According to Florian Alt and his colleagues,4 there are three types of stakeholders for net-worked public displays:
• display providers, who own the space and the displays;
• content producers, who create the content; and
• content viewers, who go to the displays to view the content.
Yet lessons and guidelines that help in engaging with these stakeholders and understand-ing their influence on the system 
design and deployment processes are rare. In organiza-tions such as universities, which are comprised of different faculties 
with a variety of depart-ments (including management, marketing, Web services, and IT) and members (students, 
professors, administrators, technicians, de-signers, economists, and secretaries), identify-ing these stakeholders and 
understanding how to involve them in the system design process is challenging.
Here, we report on our experiences of en-gaging with university officials and the stu-dent community for three years when 
install-ing a public display network and designing its applications and content. Overall, our work contributes to the 
knowledge of building and deploying pervasive display networks “in the wild.”
Public Displays Research
In recent years, there have been a number of reports on the various challenges of deploy-ing public display systems. Oliver 
Storz and his colleagues were the first to discuss such challenges, based on their experience with building and deploying the 
eCampus sys-tem.5 They describe 13 lessons from deploy-ments that took place in a conference setting, a brewery, and a 
university that cover aspects that need to be considered before, during, and after deployment. In the context of our work 
and stakeholder engagement, we found their lessons to invaluable—in particular, the need to anticipate and plan for 
regulatory compli-ance issues, understand the resources and expenses needed for content creation, and prepare the team 
for public scrutiny.
Sarah Clinch and her colleagues, building on the work of Storz and his colleagues, developed the e-Channel system.6 In 
their work, they describe the process behind developing a chan-nel system that allowed content pro-ducers to upload files 
to a display channel using a shared folder (similar to Dropbox) and allowed display own-ers to select which content 
(channel) they would show. Based on their ex-periences with real-world users, they describe lessons regarding content and 
its quality, as well as poor user appreciation of the efforts that go into building a system. As in our case, they also note that 
system deployment took an extended period of time (three years).
The work that falls closest to what we described here is that of Jörg Mül-ler and his colleagues,7 who have described their 
approach using con-textual inquiry to uncover the set of interaction properties and general stakeholders for a university 
display network. Most of their work focuses on the information update rate on public displays and how to present the 
information coming from differ-ent sources. Our work complements the work of Müller by describing the process of 
uncovering the stakehold-ers within the same type of setting—a university—and describing how to engage them to discover 
an appropri-ate set of applications to run on the display.
Developing a Networked 
Public Display System
Engaging stakeholders in the design of networked public display systems 
is critical for long-term deployments. The authors describe the three-
year development and installation of a display network at a university, 
revealing the fuzziness of stakeholder roles and need for compromise.
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More recent work has focused on the specific 
challenges of deploying public display systems in 
commu-nity settings. Nick Taylor and Keith 
Cheverst discuss the iterative and participatory 
process of designing a public display system for a 
rural com-munity.8 Their lessons show that re-
searchers should be flexible in their participation 
and that a human access point—a person who 
interacts be-tween the research team and the 
community—can greatly influence deci-sions regarding 
what should be done. Their work also shows that tensions 
can arise between researchers and participants. Other 
work by Taylor, Cheverst, and others has summarized 
lessons learned when handing over the system to the 
community, pointing out the need to carefully plan for 
the handover process.
Similarly, Steve North and his col-leagues10 describe 
tensions between researchers involved in the design and 
development of networked urban dis-plays and place 
owners and commu-nity members involved in the project. 
Within the space, Timo Ojala and his colleagues have 
described general problems of evaluating public display  
deployments.11 It’s also noteworthy that several works 
have looked into describ-ing the effects of deployed public 
display systems on the community in which the displays 
were located—such as in work settings;12 “third places,” 
such as cafes;13  and urban public spaces.
Our work populates the space of  engaging with 
stakeholders for a long-term deployment by discussing 
the vari-ous processes and their dynamics. We explain 
how we identified the stake-holders in the university 
setting and how the stakeholders can change dur-ing the 
various stages of deployment as their roles become more 
clearly de-fined. We also explore how stakeholder  
engagement can influence the set of appli-cations and the 
deployment’s start date.
installation at the University of lugano
We installed a public display net-work at the University 
of Lugano as part of the European research project “PD-Net: 
Towards Pervasive Display Networks”—a project set up to 
create a software architecture for this novel medium. The 
project also aimed to investigate the display network’s im-pact 
on the surrounding passersby. Part of the goal was to have a 
permanent installation at the University of Lugano for long-
term use by the university community.
The network was installed in Febru-ary 2013 and has been up 
and running ever since. Overall, designing for a uni-versity 
community required a method-ological approach to include the 
vari-ous stakeholders, so we adopted an approach inspired by 
cooperative de-sign,15 using techniques such as focus groups, 
interviews, and observations.
Stakeholder Engagement
As noted earlier, there are three stake-holder types: display 
providers, con-tent producers, and content viewers.4 
Furthermore, according to Müller and his colleagues,7 these 
stakeholder roles can be connected to forwarders/filters, 
sources, and sinks, respectively. To a certain extent, forwarders/
filters act similar to display providers, be-cause they decide 
whether the content will appear, with the only difference being 
that they don’t necessarily own the displays. Sources can be 
viewed as content producers, and sinks as content viewers.
Understanding and uncovering these stakeholders within a 
university setting comprising different faculties, suborga-
nizations, and a variety of staff mem-bers was the first step in 
developing a display network.
Phase 1: identifying Content  
viewers and Producers
The first phase of the project lasted ap-
proximately 18 months, during which 
time we focused on identifying potential 
content viewers and producers.
We started by gaining an under-
standing of the university’s commu-
nity and how different groups—that 
is, students, faculty members, and 
staff—are represented. In the begin-
ning, we met with representatives from 
all three groups to inquire about their 
tasks and activities at the University 
of Lugano and their attitude toward 
information and communication tech-
nologies (ICTs). Students represented 
the largest group of potential users, 
and university officials were inter-
ested in improving institutional com-
munication with them, so we decided 
that the students would be the content 
viewers.
To understand the type of content 
students wanted to see on a display 
network, we conducted interviews 
and a survey that looked into student 
use of currently widespread technol-
ogy, including email, social networks, 
video conferencing, and chat tools.16 
The study outcomes provided initial 
ideas for display content, ranging 
from official university content (such 
as news, events, and schedules) to 
student-produced content for socializ-
ing among themselves (such as photos 
posted on Facebook).
For the group of content produc-
ers, we needed people interested in 
producing content for the public dis-
play. As a first step, we interviewed 
the University’s Web services group, 
which produces a variety of official 
university content. The interview 
provided a starting point for further 
discussion with people who were 
in charge of organizing welcome 
events.
Phase 2: Developing applications 
and Probing Deployments
Phase 2 lasted approximately one 
year. The focus of our activities was to 
Figure 1. Deployment setup for the first student welcome event. The stakeholders 
were satisfied with user engagement during the event, and the initial two-day 
deployment was prolonged for five more days.
engage the stakeholders, conduct pre-
liminary tests with pilot deployments, 
and test the software developed.
One of the people in the Web ser-
vices group we interviewed was also 
part of the Student Advisory Service 
(SAS) group, which organizes welcome 
events for potential new students.  
After the interview, the SAS group 
contacted us to create applications for 
one of their events. We were contacted 
shortly before the event, so we quickly 
switched our efforts from creating the 
software architecture to creating de-
ployable and stable applications for 
the two-day event. We developed 
two applications—one that showed 
Instagram images and another that 
showed tweets tagged with a spe-
cific hashtag (see Figure 1). The two 
applications were used five months 
later for another event. During the 
probing deployments, the research 
team collaborated with the welcome 
event organizers in acting as display 
providers—that is, jointly deciding 
where to place the displays within the 
university.
Once we had improved our system 
(roughly eight months into phase 2), 
we contacted the SAS group and were 
redirected to another group in charge 
of university events—the Media and 
Communications (MACS) group. The 
MACS stakeholders were interested in 
having a bundle of applications that 
could be divided in two types: applica-
tions that would show official univer-
sity content, such as news, events, and 
schedules, and social applications that 
would promote interactions between 
students and others on campus.17 These 
interests aligned well with the interests 
of the content viewers (based on the 
students interviewed in phase 1). The 
overall goal of the MACS group was to 
have students engage with the content, 
which further established students as 
the main content viewers.
We decided jointly with the MACS 
stakeholders to create a generic slide-
show application that would show con-
tent stored in a Dropbox folder, which 
supported easy content uploading 
and sharing as well as automatic up-
dates for new content (see Figure 2a). 
For the social applications, we used 
the Twitter feeds application cre-
ated for the test deployments and a 
version of the Instagram application 
modified to turn it into a photo booth 
application with support for posting 
and viewing situated snapshots. The 
photos were taken through a cam-
era attached to the display. One of 
the requirements for both the display 
and social applications was that their 
designs align with the university’s 
corporate identity design. We thus 
jointly reached out to the graphical 
design department and engaged them 
in helping the researchers incorpo-
rate the appropriate colors, fonts, and 
logos.
To support interactions with multi-
ple applications, we split the screen into 
three parts: a smaller area to the left, a 
bigger area to the right, and an applica-
tion menu at the bottom (see Figure 2b). 
When users select a certain applica-
tion from the bottom menu, it ap-
pears either in the left or right part of 
the screen (where the application ap-
pears depends on the scheduling al-
gorithm17). Occasionally, the MACS 
stakeholders wanted to show their 
content exclusively in full-screen mode 
while displaying a message to let the 
users know when the display would 
resume its interactive state—such as 
“application selection available start-
ing at 1:30.”
Phase 3: Running a long-Term 
Deployment
Phase 3 lasted approximately six 
months. In this phase, we wanted to 
obtain a stable version of the software 
and run a long-term deployment. 
Figure 2. A generic slideshow application created for the	Media and Communications (MACS) group. (a)	The wall-mounted display 
in front of the canteen, and (b) the three different display areas: a smaller area on the left and bigger area on the right for the 
main applications, and a menu at the bottom of the screen for application selection.
(a) (b)
We also wanted to have content 
producers create content for the 
network.
Throughout the negotiation pro-
cess, we aimed to start the deploy-
ment at the beginning of the fall se-
mester. However, this proved to be 
too soon for the MACS stakeholders, 
because they were not familiar with 
the technology. They also wanted to 
conduct more user trials and test de-
ployments to better understand po-
tential users’ expectations for the 
official university content. Therefore, 
negotiations and communication for 
when the deployment would happen 
continued throughout the fall semes-
ter, with several event-based deploy-
ments and a final pilot deployment 
that lasted two weeks.
The location of the displays was 
determined jointly by the research 
team (based on our observations 
of students’ habits) and the MACS 
stakeholders (based on their stra-
tegic goals and practical needs for 
ensuring efficient content deliv-
ery). Thus, we jointly acted as dis-
play providers. During phase 1, 
our touch displays were mainly in 
the Informatics building, which is 
where most of the software devel-
opment occurred, so the location 
helped us understand the different 
interaction and user interface possi-
bilities (see Figure 3). In phase 2, we 
moved the displays for event-driven 
deployments to in front of the can-
teen in the main building and to an 
open public space near the canteen 
(also see Figure 1). However, as we 
approached phase 3 and were getting 
closer to having a stable deployment, 
we wanted to place a display on a 
wall inside the main building as well 
as in another building. This required 
getting approval from the head of the 
university, who, in this case, acted 
as the display provider. To convince 
him to install the display, the MACS 
stakeholders expressed their views 
about the usefulness of the displays. 
The four displays we installed (two 
near the canteen, one inside the main 
building, and one near the class-
rooms) have been up and running for 
approximately two years, and all four 
displays show the same applications.
During the first full-semester deploy-
ment, the MACS stakeholders insisted 
on pushing the institutional content 
that would be running in full-screen 
mode, leaving little time for interac-
tions with the social applications. 
Overall, their goal was to communi-
cate with the students, but they weren’t 
sure they had selected suitable content 
and were concerned they’d receive 
complaints from the other staff and 
faculty members. However, the con-
tent was well received, so the MACS 
stakeholders started investing more 
time in content creation. They also 
worried about inappropriate photos 
created through the photo-booth ap-
plication, but this didn’t turn out to 
be a significant problem—only 12 out 
of 1,412 photos (0.008 percent) were 
inappropriate. Furthermore, students 
loved interacting with the photo booth 
application, so the MACS stakehold-
ers decided to give the social applica-
tions more display time.
In Figure 4, we show the number of 
application requests for the current de-
ployment period for all four displays. 
The highest number of requests (311) 
was in week four, and the lowest (0) 
was during the semester breaks. On 
average, there were 47 total applica-
tion requests per week for all four dis-
plays. When it comes to display use, 
the most used display was the one in 
front of the canteen (43 percent), fol-
lowed by the one in the building with 
only classrooms (23 percent) and the 
two displays in the Informatics build-
ing (18 and 16 percent). The two most 
used applications were the photo-
taking (25 percent) and photo-viewing 
(13 percent) applications, followed 
by the university news and events 
(9 percent) and Twitter (7 percent) 
applications.
Discussion
In our work, we set out to create a uni-
versity display network and, in this pro-
cess, we learned the importance of the 
following items.
identifying an executive-level 
Display Provider
In our work, we set out to create a 
university display network and, in 
Figure 3. The University of Lugano campus. During phase 1, we had two touch 
displays in front of the Faculty of Informatics building. For phase 2, we changed 
locations to near the canteen in the main building. For phase 3, we added a 
display inside the main building and another display in front of a building full of 
classrooms.
Informatics building
Main building
Phase 1:
Two displays
Phase 3: New display
Phase 2: The two displays from phase 1
Phase 3:
New display
Canteen
Classrooms
this process, we had to uncover the 
three types of stakeholders. Although 
it was relatively easy to determine the 
content viewers, identifying the dis-
play providers and content producers 
was a bit tricky and depended on the 
deployment phase. When running the 
probing deployments (phase 2), the 
role of display providers was shared 
between the research team and the 
event organizers. However, as we got 
closer to the long-term deployment 
(phase 3), we had to negotiate with 
the head of the university to get per-
mission to install the displays in build-
ings other than where the software was 
being developed (in the Informatics 
building).
Based on our experiences, we can 
say that in probing deployments, 
the role of display providers is some-
what flexible and can be shared be-
tween the research team and the stake-
holder. However, once the deployment  
becomes 24/7, the role of the display 
provider becomes clearer and the 
necessary permission to deploy the  
displays must be obtained from a 
higher-up in the organizational hierar-
chy. If possible, it’s best to involve peo-
ple in higher (such as executive-level) 
positions (the heads of schools or presi-
dents of the university, for example) or 
to at least regularly inform such people 
about the status of the project to avoid 
last-minute work and pressure before 
the deployment.
Finding Committed Content 
Producers
When it comes to content producers in 
charge of the official university content, 
some produced one-off content for the 
events, while others produced content 
for a longer period. For certain events, 
the organizers were willing to jump 
into the role of content producers and 
develop the necessary content. How-
ever, for the longer deployments, con-
tent producers had to commit to a cer-
tain frequency (delivering content on a 
weekly basis, for example) over a longer 
period of time (such as a semester). Con-
sequently, for the official institutional 
content, the role of content producer can 
vary depending on the type of commit-
ment made—for short periods of time 
(such as events), people find the time eas-
ily. However, for longer commitments 
(a semester-long deployment), you need 
to find content producers who can fit the 
content delivery into their work routine 
while still providing the level of quality 
needed.
Testing “in the Wild”
Throughout our deployment process, 
real-world university-organized events 
were crucial to our success. They not 
only provided the need and inspiration 
for the initial set of applications but also 
helped us test the developed software 
“in the wild” and collect user feedback. 
Although in our own case, we first con-
ducted a series of investigations to un-
cover the stakeholders and later began 
developing the software architecture, 
the whole process (of uncovering stake-
holders and developing software) could 
have started from the events themselves.
Overall, future developers could bene-
fit from using university-organized events 
as a starting point for understanding the 
potential stakeholders and their practices 
and identifying the system and applica-
tion requirements. In cases where event 
schedules are available, these could be 
used to plan the deployment process—
determining when to contact event orga-
nizers, conduct observations, and have 
the first version of the software ready.
For longer commitments, you need to find 
content producers who can fit the content 
delivery into their work routine while still 
providing the level of quality needed.
Figure 4. Number of application requests per deployment week since the display network became fully operational.
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Reserving Time for Content 
Producers
Although the research team and the soft-
ware were ready for the deployment on 
a negotiated date, content producers re-
sponsible for the official university con-
tent were not. They simply required more 
time to get familiar with content cre-
ation, as well as time to receive feedback 
from content viewers. As a result, we had 
to postpone the long-term deployment 
for a full semester and used this time to 
conduct scheduled user trials to collect 
user feedback for content producers.
Future developers could leverage this 
by knowing that, although they and 
their software might be ready to go, 
they still need to reserve time for con-
tent producers to see how well their ef-
forts are appreciated by content view-
ers. This time should be accounted for 
in the overall deployment plan and 
should not be neglected—in our own 
case, user trials and test deployments 
lasted a full semester. If user trials for 
content producers are successful, con-
tent producers also become advocates 
of the system and can help in gaining 
the necessary trust within the univer-
sity community (for example, in our 
case, they helped convince the head 
of the university to place a display in 
front of the canteen).
Paying attention to Uniformity
Lastly, one of the requirements for 
running the long-term deployment 
within the university setting was en-
suring that all applications shared the 
university’s corporate graphical de-
sign. So, we had to work with someone 
in charge of corporate identity from 
the graphical design department. Fu-
ture developers should consider this, 
providing a uniform look and feel for 
applications that is aligned with the 
university’s corporate identity.
W e hope that our experi-ences inform research-ers, developers, and university/organization 
stakeholders of the process of develop-
ing a public display network and how 
best to approach it. 
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